Abstract. The effect of corrosion on the frequency vibrational modes of a pressurized cylindrical fuel tank with ellipsoidal head caps was investigated in this paper. The frequency variation laws were determined by a polynomial interpolation. This method is simple, flexible and has efficient advantages, and it can shorten the optimal design of cylindrical pressurized fuel tanks with ellipsoidal head caps.
Introduction
Structure integrity and dynamic behavior of modern cars with pressurized fuel tanks have gained much attention in mechanical vibration analyses [1, 2] . In modern cars, a pressurized cylindrical fuel tank [3] [4] [5] [6] is subjected to various dynamic random external influences [7] [8] [9] [10] [11] [12] .
Mechanical resonance between the vibration frequency of the tank and the frequency of excitement system determines the tank resonance. The vibration characteristics of the cylindrical pressurized fuel tank with ellipsoidal head caps are determined in terms of load shift, forces and moments induced by the car movement, and dynamic load transfer in the longitudinal direction [13] [14] [15] [16] [17] .
In our study, the frequency response of the cylindrical pressurized fuel tank with ellipsoidal head caps was calculated using the finite element method (FEM), considering the typical damage of corrosion occurring on the internal surface, whereby reducing wall thickness.
The parameterized modeling of the cylindrical pressurized fuel tank with ellipsoidal head caps was done in the AutoCAD Autodesk 2017 software [18] , which was imported to SolidWorks 2017 software [19] for analysis with the: Static, Thermal and Design Study modules.
The Optimal Design of the Cylindrical Tank with Ellipsoidal Head Covers
In our previous paper an optimal design of the cylindrical pressurized tank with ellipsoidal head covers was proposed [3] . It is composed is by a lateral cover and two ellipsoidal caps (Fig. 1) . Table 1 .
The Vibration Modes of the Cylindrical Tank with Ellipsoidal Head Covers
The numerical simulation was done with SolidWorks 2017 software [19] with frequency module and for the first ten fundamental vibration modes the corresponding frequencies are given in Table 1 . Based on the results from Table 1 , the graphs of variation of frequencies  (n a , n vibration mode = ct.) for each mode of vibration is plotted graphically in Fig. 2 . The frequency variation laws were determined by a polynomial interpolation for each vibration mode (according to the exploitation period of tank, n a ). where: i is the number of years of exploitation and j is the number of the vibration mode.
The obtained results of this calculation are given in Table 2 , as well as the graphs and the frequency variation laws determined by a polynomial interpolation are shown in Fig. 3 . Figure 2 . The graphs of variation of frequencies  (n a , n vib. mode = ct). Figure 3 . The graphs of procentual variation of frequencies  (n a , n vibration mode = ct).
Discussion
The first ten fundamental vibration modes with the corresponding frequencies decreases with the progress of corrosion process, and a local minimum can be observed to all graphs of variation of frequencies. On the other hand, when the number of vibration mode increase, the frequency decreases at the end of the exploitation period of tank (according Fig. 2 ). The graph of first fundamental mode has a strictly increasing variation, whereas all other graph modes have a local minimum followed by a strictly increasing variation (but inferior in respect with the corresponding graph for at n a = 20 years, associated with the first vibration mode, according Fig.  3) .
The graphs beginning with the vibration mode 4 to 10 have a variance  < 0, (as shown in Table  2 ). The graphs of vibration modes show an increasing of the abscissa minimum with the increasing of the vibration mode number, associated with the decreasing of the minimum values (Fig. 3) .
For n a = ct, the frequency increases with the vibration mode number, but decreases with the increases of the exploitation period of tank (according Table 1 ).
Conclusions
The aim of this study is to propose and develop a quick, convenient and reliable technique to determine the effect of corrosion on the frequency vibrational modes of a pressurized cylindrical fuel tank with ellipsoidal head caps. It was found a significant relationship between the first ten fundamental vibration modes with the corresponding frequencies and the wall thickness reduction, due to the dimensional modification of the geometry.
